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FUEL-FIRED WATER HEATER WITH DUAL FUNCTION 
COMBUSTION CUTOFF SWITCH IN ITS DRAFT STRUCTURE 

5 



BACKGROUND OF THE INVENTION 

The present invention generally relates to fuel-fired heating 

10 appliances and, in a preferred embodiment thereof, more particularly 
provides a fuel-fired water heater having a specially designed combustion 
cutoff system operative to prevent (1) the creation of an unacceptably 
high level of carbon monoxide in the combustion chamber of the water 
heater and (2) thermal damage to a pvc vent pipe to which the flue 

15 portion of the water heater is connected. 

It is now a common practice in the water heater industry to install a 
flame arrestor structure at or near the combustion chamber portion of a 
fuel-fired water heater, the flame arrestor being operative to permit 
combustion air to enter the combustion chamber but inhibit combustion 

20 chamber flame outflow through the arrestor in the event that extraneous 
flammable vapors are ingested into and burned within the combustion 
chamber. Flame arrestors are potentially susceptible to blockage caused 
by external contaminants such as lint, dirt and oil. if significant enough, 
such blockage can create undesirable "sour combustion within the 

25 combustion chamber - a phenomenon caused by an increased level of 
carbon monoxide within the combustion chamber, to shut down the 
water heater prior to the point at which such sour combustion occurs, 
various designs have been previously utilized in which a sensor is 



positioned within the combustion chamber, the sensor being operative to 
sense burner flame temperature increase or instability and responsively 
terminate firing of the water heater prior to the creation in its 
combustion chamber of an unacceptably high level of carbon monoxide. 
5 in fuel-fired water heaters having associated draft inducer fans 

coupled to pvc vent pipes, another design criteria that needs to be 
satisfied is the prevention of thermal damage to these meltable plastic 
vent pipes caused by excessive temperature in water heater combustion 
products internally traversing them. This has previously been 

10 accomplished by installing in the draft inducer fan a thermal device which 
is operative to shut down the water heater prior to the temperature of 
the combustion products traversing the vent pipe reaching an 
unacceptably high level. 

Thus, at least two separate sensors - one in the draft structure of the 

15 water heater and one in its combustion chamber - have previously been 
necessary to protect the pvc vent pipe from thermal damage and prevent 
excess carbon monoxide levels from being created in the combustion 
chamber. This undesirably increases both the complexity and 
manufacturing cost of the water heater, it would thus be desirable to 

20 provide these protective features in a simpler, more cost effective 
manner, it is to this design objective that the present invention is 
primarily directed. 
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SUMMARY OF THE INVENTION 

in carrying out principles of the present invention, in accordance 
with illustrated embodiments thereof, a fuel-fired heating appliance, 
representatively a water heater, is provided with a specially designed 
5 combustion shutoff system which substantially prevents thermal damage 
to a draft structure portion of the appliance, and also substantially 
prevents the creation of an undesirably high concentration of carbon 
monoxide within the combustion chamber of the appliance during firing 
thereof. 

10 in illustrated embodiments thereof, the fuel-fired water heater, 

which may be either a natural draft or power vented water heater, 
basically comprises a tank adapted to store a quantity of water to be 
heated, a combustion chamber positioned beneath the tank, and a fuel 
burner disposed within the tank and being operative to burn received fuel 

15 and combustion air and responsively create hot combustion products in 
the combustion chamber. A valve is coupled to the burner and is 
operative to permit and preclude the supply of fuel thereto, and a 
passage is provided through which combustion air may be supplied to the 
burner. 

20 A flue extends from the combustion chamber, and through the 

interior of the tank, and has an outlet, coupled to the flue outlet is a draft 
structure which includes a vent pipe, the draft structure being operative 
to create a draft through the flue to facilitate discharge of combustion 
products from the flue outlet and through the vent pipe. The water 

25 heater further comprises a draft structure which is coupled to the flue 
outlet and includes a vent pipe, the draft structure being operative to 
create a draft through the flue to facilitate discharge of combustion 
products from the flue outlet and through the vent pipe. 



-3- 



9 



in accordance with a key aspect of the invention, cutoff apparatus is 
provided which is operative to sense a parameter, preferably 
temperature, of combustion products traversing the draft structure and, 
in response to a predetermined magnitude of the parameter, prevent the 
5 creation of an unacceptably high level of carbon monoxide in the 
combustion chamber, and thermal damage to the vent pipe caused by an 
unacceptably high temperature of combustion products traversing the 
draft structure, by terminating further firing of the water heater, the 
magnitude of the parameter being correlated in a predetermined manner 
10 to both the level of carbon monoxide in the combustion chamber and the 
unacceptably high temperature of combustion products traversing the 
draft structure. 

From a draft structure standpoint the water heater may be either a 
power vented water heater or a natural draft water heater, in illustrated 

15 embodiments of a power vented water heater the draft structure includes 
a draft inducer fan coupled between the water heater flue and a pvc 
plastic vent pipe, and the cutoff structure is a thermal switch disposed 
within the draft inducer fan. in response to the combustion product 
temperature within the draft inducer fan reaching the set point 

20 temperature of the thermal switch, the switch outputs a control signal 
which, in one embodiment of the water heater, is used to terminate water 
heater firing by preventing further fuel supply to the burner, and in 
another embodiment of the water heater by preventing further 
combustion air supply to the burner, in a natural draft embodiment of 

25 the water heater, the thermal switch is positioned within the natural draft 
structure of the water heater adjacent the pvc vent pipe and may be 
similarly utilized to terminate firing of the water heater by shutting off 
either fuel or combustion air supply thereto. 



-4- 



BRIEF DESCRIPTION OF THE DRAWINGS 

fig. 1 is a schematic cross-sectional view through a fuel-fired, power 
vented water heater embodying principles of the present invention; 
5 fig. 2 is a schematic cross-sectional view through an alternate power 

vented embodiment of the fig. 1 water heater; and 

fig. 3 is a schematic cross-sectional view through a top end portion 
of a natural draft embodiment of the fig. 1 water heater. 

10 DETAILED DESCRIPTION 

Schematically depicted in partially cross-sectional form in fig. 1 is a 
fuel-fired heating appliance, representatively in the form of a gas-fired, 
power vented water heater 10, which embodies principles of the present 
invention, water heater 10 has a vertically oriented metal tank 12 in which 

15 a quantity of water 14 to be heated is stored, the tank having the usual 
cold water inlet and hot water outlet pipe connections 16,18 at its top 
end. A combustion chamber 20 is positioned beneath a bottom end of 
the tank 12, with a bottom wall of the combustion chamber 20 being 
defined by a perforated flame arrestor plate 22 (having flame quenching 

20 perforations 23 therein) that, in turn, overlies a combustion air intake 
plenum 24 extending upwardly from the floor 26 upon which the water 
heater 10 rests. 

A metal jacket 28 extends outwardly around the tank 12 and 
combustion chamber 20 and defines therewith an insulation cavity which 
25 is filled with a suitable insulation material 30. A gas burner 32 is 
operatively disposed within the combustion chamber 20 and is supplied 
with gaseous fuel via a gas supply pipe 34 in which a thermostatic gas valve 
36 is interposed. A conventional control module 38 is operatively 
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associated with the gas valve 36. Extending into the intake plenum 24 is a 
combustion air supply duct 40 through which ambient combustion air 42 
may flow into the plenum 24. 

A flue 44 having a bottom end communicating with the interior of 
5 the combustion chamber 20 extends upwardly through the water 14 in 
the tank 12 and outwardly through an upper end portion of the tank, and 
has a top end portion operatively connected to a draft structure that 
functions to facilitate the upward movement through the flue 44 of hot 
combustion products 46 created in the combustion chamber 20 by burner 

10 combustion of air and fuel delivered thereto. The hot combustion 
products 46 flowing upwardly through the flue 44 transfer combustion 
heat to the water 14 in the tank 12. Combustion air 42 entering the 
combustion chamber 20 passes sequentially through the duct 40, the 
plenum 24 and then upwardly through the perforations 23 in the arrestor 

15 plate 22. in a known manner, the perforations operate to permit entry of 
combustion air 42 into the combustion chamber, but substantially inhibit 
outward flame passage from the combustion chamber 20 created, for 
example, by ignition of extraneous flammable vapors within the 
combustion chamber 20. 

20 The previously mentioned draft structure at the upper end of the 

water heater 10 includes a draft inducer fan 48 having an inlet to which an 
upper end of the flue 44 is coupled, and an outlet 50 connected to a pvc 
plastic vent pipe 52. Fan 48 has a dilution air inlet 54 for receiving ambient 
air 56. During firing of the water heater 10 the hot combustion products 

25 46 and the ambient air 56 are drawn into the fan 48, the air 56 serving to 
cool the combustion products 46 interiorly traversing the fan 48 so that 
cooled combustion products 58 are discharged from the fan 48 into the 
plastic vent pipe 52. 
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in this general type of water heater, two combustion-related 
problems can potentially occur. First, if the temperature of combustion 
products 58 entering the pvc vent pipe 52 exceeds a predetermined limit 
temperature, the pipe 52 can be thermally damaged, second, clogging of 

5 the flame arrestor plate perforations 23 can create undesirable "sour" 
combustion within the combustion chamber 20 - i.e., a combustion- 
created undesirably high level of carbon monoxide within the combustion 
chamber 20. According to a key aspect of the present invention, a single 
cutoff switch 60 is used to sense a parameter of combustion products 

10 traversing the draft structure 48,52 and, in response to sensing a 
predetermined magnitude of such parameter, provide the dual function 
of preventing both (1) the creation of a predetermined, unacceptably high 
level of carbon monoxide in the combustion chamber 20 and (2) thermal 
damage to the pvc vent pipe 52 caused by an unacceptably high 

15 temperature combustion products traversing it. 

Although other parameters (such as, for example, carbon monoxide 
concentration) could potentially be sensed by the cutoff switch 60 within 
the draft structure, the illustrated cutoff switch 60 is preferably disposed 
within the draft inducer fan 48 and is preferably a thermal switch that 

20 senses the temperature within the fan 48. The set point temperature of 
the switch 60 is a temperature which is both (1) below the maximum 
operating temperature of the PVC vent pipe 52 and (2) correlated to a 
concentration of carbon monoxide in the combustion chamber 20 less 
than a concentration which creates undesirable "sour combustion 

25 therein. 

when this predetermined dual function set point temperature is 
sensed, the switch 60 outputs a control signal 62 which may be utilized to 
terminate further combustion within the combustion chamber 20. 
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illustratively, as schematically shown in FIG. 1, the signal 62 is transmitted 
to the control module 38 which responsively closes the gas valve 36 to 
thereby terminate firing of the water heater 10. 

A first alternate embodiment 10a of the FIG. 1 water heater 10 is 
5 schematically depicted in fig. 2. For ease in comparison of the water 
heater embodiments 10 and 10a, components in the water heater 10a 
similar to those in the previously described water heater 10 have been 
given identical reference numerals having the subscripts "a". 

water heater 10a is a power vented water heater identical to the 

10 water heater 10 with the exception that the dual function thermal cutoff 
switch 60a is utilized to terminate firing of the water heater 10a by 
preventing further delivery of combustion air 42a to the combustion 
chamber 20a instead of terminating further delivery of fuel to the burner 
32a. specifically, in the water heater 10a a control damper 64 is installed in 

15 the combustion air supply duct 40a, with the cutoff switch control signal 
62a being transmitted to the damper 64, to close it and prevent further 
combustion air inflow into the combustion chamber 20a, in response to 
the set point temperature of the cutoff switch 60a being reached. 

Schematically illustrated in a partially cross-sectional fashion in fig. 3 

20 is an upper end portion of a second alternate embodiment 10b of the 
previously described water heater 10. For ease in comparison of the water 
heater embodiments 10 and 10b, components in the water heater 10b 
similar to those in the previously described water heater 10 have been 
given identical reference numerals having the subscripts "b". 

25 The water heater 10b is substantially identical to the previously 

described water heater 10 with the exception that the water heater 10b is 
a natural draft water heater instead of a power vented water heater, the 
draft structure of the water heater 10b including a draft hood 66 
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operatives positioned over the open upper end of the flue 44b and 
coupled to a pvc vent pipe 52b. During firing of the water heater 10b, 
ambient air 56b is drawn into the draft hood 66 for mixture with and 
cooling of the hot combustion products 46b. The thermal cutoff switch 
5 60b is installed within the draft structure 66,52b, and the control signal 
62b generated by the switch 60b in response to its set point being 
reached may be utilized, as previously discussed in conjunction with the 
water heater embodiments 10 and 10a, to either terminate further 
combustion air flow to the combustion chamber of the water heater 10b 

10 or to terminate further fuel flow to its burner. 

While the present invention has been representatively illustrated 
and described herein as being incorporated in various water heaters, 
principles of the invention may also be utilized to advantage in various 
other types of fuel-fired heating appliances, such as for example boilers 

15 and furnaces, and the invention is not limited to water heaters. 

The foregoing detailed description is to be clearly understood as 
being given by way of illustration and example only, the spirit and scope 
of the present invention being limited solely by the appended claims. 
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